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In order to obtain a three way catalyst having catalytic activity also at a temperature exceeding 900* C as 
well as high purification ability with respect to NOx, a perovskite compound oxide which is expressed in a 
general formula Lni -xAxM0 3 , where Ln represents one or at least two rare earth metals excluding Ce, A 
represents Ce or one or at least two alkaline earth metals, M represents one or at least two transition metals and 
0<x<1, a heat resistant oxide containing Ce and Zr, or further containing a rare earth metal excluding Ce so that 
the same is at least partially in the form of a compound oxide or a solid solution, and a precious metal are 
coexistently mixed with each other. Heat resistance is improved by coexistence of the heat resistant oxide, while 
purification ability with respect to NOx is improved by coexistence of the precious metal. 

In order to obtain an exhaust gas purifying catalyst which exhibits sufficient purification activity also at a low 
exhaust gas temperature condition, a double structure is attained by a core of a perovskite compound oxide 
such as (Lao. 8 Ce 0 .2) (Co 0 .4Fe 0 .6)O3 and an outer perovskite compound oxide, in which a precious metal is solidly 
dissolved, enclosing the core. When the precious metal is provided in excess, the excessive part thereof is 
dispersed in a fine particle state as a metal or an oxide. 



Rank Xerox (UK) Business Services 



EP 0 525 677 A1 



BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to an exhaust gas purifying catalyst which has excellent ability to convert 

carbon monoxide (CO), hydrocarbon (HC) and nitrogen oxide (NOx) into CO2, H 2 0 and N 2 respectively- 
More particularly, it relates to a three way catalyst for purifying exhaust gas which can excellently purify 
carbon monoxide, hydrocarbon and nitrogen oxide even if the same is used at a temperature exceeding 900 
°C, an exhaust gas purifying catalyst which exhibits purification activity also at a low exhaust gas 

70 temperature condition such as idling of an automobile gasoline engine or the like, and a method of 
preparing the same. 

Description of the Background Art 

75 As to a three way catalyst for purifying exhaust gas, a precious metal catalyst, which is prepared from 

an alumina support supporting a precious metal such as Pt, Rh or Pd, is put into practice for wide use. 

On the other hand, a compound oxide having a perovskite structure, which is formed of a rare earth 
metal, an alkaline earth metal and a transition metal, is expected for practical use as a low-priced three way 
catalyst for purifying exhaust gas which can purify CO, HC and NOx (refer to Japanese Patent Laying-Open 

20 Gazettes Nos. 59-87046 (1984) and 60-82138 (1985)). However, such a catalyst is suitable for use at a 
temperature of not more than 800 0 C, and cannot sufficiently cope with automotive exhaust gas which 
requires high catalytic activity in a high temperature range exceeding 900 *C as well as high temperature 
durability. Such a perovskite compound oxide is sintered when the same is used at a high temperature 
exceeding 900 *C, and hence its effective surface area is reduced to cause extreme reduction of catalytic 

25 activity- Further, the perovskite compound oxide is not sufficiently applicable to a three way catalyst for 
automotive exhaust gas due to inferiority in purification of NOx, although the same is excellent in purification 
of CO and HC. 

In order to prevent reduction of activity caused by sintering when a compound oxide having a 
perovskite structure is used as a catalytic component at a high temperature exceeding 900 0 C for a long 

30 time thereby improving its ability to purify NOx, there has been proposed an exhaust gas purifying catalyst 
which is obtained by coexistently mixing a perovskite compound oxide, a heat resisitant compound oxide 
and a precious metal with each other (refer to Japanese Patent Laying-Open Gazette No. 1-168343 (1989)). 
The heat resistant compound oxide which is employed therein is similar in chemical property to the 
perovskite compound oxide serving as a catalytic component, and contains a rare earth metal and an 

35 alkaline earth metal. 

In this catalyst, a precious metal such as Pd is carried on the surface of the fine perovskite compound 
oxide in a dispersed state. 

SUMMARY OF THE INVENTION 

40 

In order to prevent a compound oxide catalyst having a perovskite structure from reduction of catalytic 
activity at a temperature exceeding 900 *C as well as to improve its ability to purify NOx similarly to the 
aforementioned invention disclosed in Japanese Patent Laying-Open Gazette No. 1-168343, a first object of 
the present invention is to provide a catalyst containing a heat resistant oxide which is different in structure 
45 from that of the said invention. 

The aforementioned conventional catalyst exhibits only insufficient purification activity at a low exhaust 
gas temperature condition in idling of an automobile or the like. With severe regulation of exhaust gas, 
awaited is a catalyst which exhibits sufficient purification activity at such a low exhaust gas temperature 
condition. 

so A second object of the present invention is to provide an exhaust gas purifying catalyst which exhibits 

sufficient purification activity at a low exhaust gas temperature condition. 

A third object of the present invention is to provide a method of preparing the same. 
In order to attain the aforementioned first object, an exhaust gas purifying catalyst according to the first 
invention is prepared by coexistently mixing a perovskite compound oxide which is expressed in a general 
55 formula Ln!-xAxM03, where Ln represents one or at least two rare earth metals excluding Ce, A represents 
Ce or one or at least two alkaline earth metals, M represnts one or at least two transition metals and 0<x<1, 
a heat resistant oxide containing Ce and Zr or further containing a rare earth metal excluding Ce, which is at 
least partially in the form of a compound oxide or a solid solution, and a precious metal. 
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In order to attain the aformentioned second object, an exhaust gas purifying catalyst according to the 
second invention at least contains an oxide having a core of a perovskite compound oxide which is 
expressed in a general formula Lni-xBxMCh, where Ln represents one or at least two rare earth metals 
excluding Ce, B represents one or at least two alkaline earth metals excluding Sr or Ce, M represnts one or 

5 at least two transition metals and 0<x<1, and a perovskite compound oxide, in which a precious metal is 
solidly dissolved, enclosing core. An excessive (insolvable) part of the precious metal is dispersed in a 
particulate state as a metal or an oxide. In order to improve purification activity of this catalyst at a high 
temperature, further contained is a heat resistant oxide, containing Ce and Zr, or further containing a rare 
earth metal excluding Ce, which is at least partially in the form of a compound oxide and/or a solid solution, 

w or a heat resistant oxide, which is composed of Ce. In this case, powder of the perovskite compound oxide 
and that of the heat resistant oxide serve as cores, to be enclosed by the perovskite compound oxide in 
which the percious metal is solidly dissolved. 

The heat resistant oxide is preferably prepared from a compound oxide which is expressed in a general 
formula (CeZrLn)C>2, where Ln represents a rare earth metal excluding Ce, such as CeC>2, (CeZr)02, 

75 (CeZrY)0 2 , (CeZrl_a)0 2 or (CeZrNd)0 2 - (CeZr)0 2 is superior to Ce0 2 in an effect of improving purification 
activity at a high temperature, while (CeZrLn)0 2 is more preferable since the same is further superior in the 
effect of improving purification activity at a high temperature. 

The foregoing and other objects, features, aspects and advantages of the present invention will become 
more apparent from the following detailed description of the present invention when taken in conjunction 

20 with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a graph showing three way puficiation activity levels of Example 12 and Comparative Examle e; 
25 Fig. 2 is a photograph showing a section of a catalyst according to Example 14; 

Fig. 3 is an enlarged photograph showing the section of the catalyst according to Example 14; and 
Fig. 4 is a further enlarged photograph showing the section of the catalyst according to Example 14. 

DETAILED DESCRIPTION OF THE INVENTION 

30 

A first feature of the first invention resides in a point that a catalytic component made of a perovskite 
compound oxide is coexistently mixed with a heat resistant oxide. The heat resistant oxide contains a 
cerium oxide and a zirconium oxide, or furher contains an oxide of a rare earth metal excluding cerium, 
such that these oxides at least partially exist in the form of compound oxides or solid solutions, to be 

35 capable of suppressing sintering also at a high temperature exceeding 900 *C. Such an effect of the heat 
resistant oxide is so availably provided when the catalytic component is carried on the heat resistant oxide 
or powder of the catalytic component is mixed with that of the heat resistant component, that the catalytic 
component is still maintained on the support in a highly dispersed state or exists between particles of the 
heat resistant oxide in highly dispersed states also after the catalyst is used at a high temperature 

40 exceeding 900 ° C for a long time. Since the heat resistant oxide is thermally stable and hardly reactive with 
the catalytic component also at a high temperature exceeding 900 * C, it is possible to prevent reduction of 
catalytic activity which may be caused by breakage of the perovskite structure of the catalytic component. 

A second feature of the first invention resides in a point that a precious metal such as palladium is 
added to a perovskite compound oxide serving as a catalytic component. While a compound oxide having a 

45 perovskite structure itself can be used as a three way catalyst, its purification ability with respect to NOx is 
slightly inferior as compared with those for HC and CO. Therefore, a small amount of a precious metal is 
added in order to improve activity with respect to NOx. Such a precious metal is carried on the perovskite 
compound oxide and a heat resistant oxide. The as-carried precious metal causes solid solution and 
precipitation on the reactive perovskite compound oxide, while the same is carried in a precipitated state in 

so high dispersion on the unreactive heat resistant oxide having a high specific surface area. Thus, the 
precious metal is hardly sintered even at a high temperature exceeding 900 ° C at an exhaust gas 
fluctuation atmosphere, to keep highly purification activity at a high degree. 

Thus, the first invention provides a three way catalyst for purifying exhaust gas, which is durable also at 
a high temperature exceeding 900 °C, at a low cost. 

55 The perovskite compound oxide forming the catalytic component of the catalyst according to the first 

invention is expressed in a general formula Lni-xAxM03 The total catalyst preferably contains 1 to 80 
percent by weight of this comosite oxide. If the content is less than 1 percent by weight, catalytic activity is 
unpreferably reduced, while no sufficient effect of the heat resistant oxide is attained if the content exceeds 
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80 percent by weight. The compound oxide may have arbitrary shape, grain size, purity, specific surface 
area and the like in ordinary ranges for serving as a catalytic component. 

The heat resistant oxide may be employed in states of shape, grain size, purity and specific surface 
area similar to those of a widely used support such as AI2O3. For example, the heat resistant oxide 
5 preferably has a specific surface area of at least 20 m 2 /g, in order to maintain the catalytic component in a 
highly dispersed state. While the ratios of Ce, Zr and the rare earth metal contained in the heat resistant 
oxide are not particularly restricted, a preferable atomic ratio of Zr to Ce is 5/100 to 100/100, more 
preferably 5/1 00 to 50/1 00, and that of the rare earth metal excluding Ce to Ce is 0/1 00 to 1 00/1 00, more 
preferably 5/100 to 30/100. 

10 The precious metal serving as another catalytic componet is prepared from one or at least two metals 
selected from the platinum group of Ru, Rh, Pd, Os, Ir and Pt. When Pd is selected from these precious 
metals, an NOx purifying activity is most improved. The total catalyst preferably contains 0.01 to 5 percent 
by weight, more preferably 0.1 to 2 percent by weight of the precious metal. If the content is less than 0.01 
percent by weight, the NOx purifying ability is insufficiently improved, while the NOx purifying ability is 

;s saturated if the content exceeds 5 percent by weight. Such a precious metal is employed in arbitrary shape, 
grain size, purity and specific surface area in ordinary ranges for serving as a component of a three way 
catalyst. 

The catalyst according to the first invention can be prepared by a method which is generally carried out 
for preparing a catalyst. An exemplary preparation method is now described. 

20 In order to prepare a catalyst comprising a catalytic component which is carried on a support, a 
compound oxide or a solid solution of a heat resistant oxide for serving as the support is first obtained by 
thermally decomposing an aqueous solution containing a cerium salt and a zirconium salt or further 
containing a rare earth metal salt at a temperature exceeding 600 °C and firing the same, or adding an 
aqueous solution, which is mixed with a zirconium salt or further mixed with a rare earth metal salt at a 

25 prescribed stoichiometric ratio, to commercially available ceria powder of at least 100 m 2 /g, drying the 
mixture in the air at about 100 °C for 5 to 12 hours and thereafter firing the mixture in the air at 600 °C for 
3 hours. An aqueous solution, which is mixed with nitrates of metals forming a perovskite compound oxide 
serving as a catalytic component at a prescribed stoichiometric ratio, is added to the as-formed support 
powder of the heat resistant oxide, so that the mixture is dried in the air at about 100 • C for 5 to 12 hours 

30 and thereafter further fired in the air at 550 to 800 *C for 3 to 10 hours. The nitrate is thermally decomposed 
by this heat treatment, so that the perovskite compound oxide is carried on the support powder. 

Then, a precious metal such as Pt, Pd or Rh is carried on the perovskite compound oxide which is 
carried on the heat resistant compound oxide support in the aforementioned manner. The aforementioned 
powder is impregnated with an aqueous solution of palladium nitrate, for example, dried in the air at about 

35 100 0 C for 5 to 12 hours, and thereafter fired in the air at 600° C for 3 hours, to carry Pd. 

Alternatively, fine powder of the perovskite compound oxide and that of the heat resistant compound 
oxide may be mixed with each other to thereafter carry the precious metal. In order to prepare such fine 
powder of the perovskite compound oxide, a prescribed amount of a neutralizer such as sodium carbonate 
or ammonium carbonate is added to an aqueous solution which is mixed with nitrates or oxalates of metals 

40 forming the perovskite compound oxide and coprecipitated. Then the mixture is washed, filtered, dried, fired 
in the air at 500 to 600 0 C for 3 to 5 hours, thereafter pulverized, and further fired in the air at 550 to 
800° C for 3 to 5 hours, to prepare fine powder. This powder preferably has a specific surface area of at 
least several m 2 /g, for example, more than 5 m 2 /g. The as-formed fine powder of the pervoskite compound 
oxide is mixed with powder of a heat resistant oxide to carry a precious metal in a method similar to the 

45 above, thereby obtaining the target catalyst. 

A binder can be added to the catalyst for formation into a prescribed shape, or water can be added 
thereto for preparation of slurry, which is applied to a support substrate. Alternatively, a base material can 
be covered with the heat resistant oxide, to carry the perovskite compound oxide and the precious metal 
serving as catalytic components. 

50 The feature of the second invention resides in a double structure formed by a core of a perovskite 
compound oxide containing no precious metal and another perovskite compound oxide containing a 
precious metal which is dispersed around the core. The precious metal or a precious metal oxide solidly 
dissolved in the outer perovskite compound oxide layer or carried on the surface of the inner perovskite 
compound oxide serving as the core mutually influences with the perovskite compound oxides, to contribute 

55 to purification. 

The precious metal is prepared from one or at least two metals selected from a group of Pd, Pt, Ru, Rh 
and Ir. Pd is particularly preferable since the same improves low temperature purification activity and NOx 
purification activity. 
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A method of preparing the catalyst according to the second invention comprises steps of making 100 
parts by weight of the aforementioned perovskite compound oxide or a mixture of the aforementioned 
perovskite compound oxide and a heat resistant oxide impregnated with and/or adsorb the precious metal 
through a precious metai salt solution containing 0.2 to 5.0 parts by weight of a precious metal in total 
conversion and being adjusted to be not more than pH 4, drying the as-formed mixture and thereafter firing 
the same at a temperature of 250 to 800 *C. When the perovskite compound oxide is dipped in the precious 
metal salt solution which is adjusted to be not more than pH 4, elements contained in a crystal are partially 
eluded and a plurality of salts containing the precious metal are bonded onto the periphery of a core of 
remaining perovskite compound oxide powder and heat resistant oxide powder which are not eluded. This 
mixture is dried at 130*C for 24 hours, for example, and thereafter fired in the air at a temperature 
exceeding 250 °C, preferably at 500 to 800 'C for 3 hours, for example, to form a perovskite compound 
oxide crystal in which the precious metal is solidly dissolved around the core, thereby attaining a double 
structure of the oxide. An excessive part of the precious metal, which has been insolvable in the 
recrystallized perovskite compound oxide crystal, is dispersed in a metal state or in the form of a precious 
metal oxide. 

A water soluble precious metal salt is preferably prepared by chloride such as PdCfe, PtCfe or 
RuCI 3 # 3H 2 0, nitrate such as Pd(N0 3 )2, Ru(N0 3 )3 or Rh(N0 3 ) 3 , or a dinitrodiamine salt such as Pd(N0 2 ) 2 - 
(NH 3 )2 or Pt(N0 2 ) 2 (NH 2 ) 2 , whose aqueous solution exhibits a strong acid property. 

The catalyst according to the second invention exhibits excellent purification activity with respect to HC, 
CO and NOx also at a low exhaust gas temperature of 100 to 200* C in idling or the like. 

When a heat resistant oxide is contained, the catalyst exhibits excellent durability also at a high 
temperature exceeding 900 9 C. 

The preparation method according to the present invention is adapted to dissolve and recrystallize the 
perovskite compound oxide by a simple method of controlling the pH of the solution of the precious metal 
to be carried in the perovskite compound oxide or a mixture of the perovskite compound oxide and the heat 
resistant oxide, so that the precious metal can be solidly dissolved in its crystal for providing excellent 
exhaust gas purification activity. 

Examples of First Invention 

30 

Example 1 

A heat resistant compound oxide for serving as a support was prepared from 111. 9 g of commercially 
available cerium oxide (Ce0 2 ) powder having a high specific surface area with a specific surface area of 

35 1 30 m 2 /g and purity of 99.9 %/TREO (total rare earth oxide), and 147.9 g of an aqueous solution of oxy 
zirconium nitrate (ZrO(N0 3 ) 2 ), having liquid specific gravity of 1.51 and containing 25.0 percent by weight of 
ZrO(N0 3 ) 2 in Zr0 2 conversion, and 26.0 g of an aqueous solution of yttrium nitrate (Y(N0 3 ) 3 ), having liquid 
specific gravity of 1.62 and containing 21.7 percent by weight of Y(N0 3 ) 3 in Y 2 0 3 conversion, were added 
to the heat resistant compound oxide, stirred and mixed with each other, so that the as-obtained mixture 

40 was dried in the air at 110 • C for 10 hours. Thereafter the mixture was fired in the atmosphre at 600 * C for 
3 hours, to obtain about 150 g of a (Ceo.65Zro. 30 Yo.o5)0 2 compound oxide. 

Then, 50 g of this powder was mixed with 100 ml of an aquous solution, in which 70.4 g of lanthanum 
nitrate (La(N0 3 ) 3 *6H 2 0), 17.7 g of cerium nitrate (Ce(NO) 3 ) 2 -6H 2 0) and 59.2 g of cobalt nitrate (Co(NO) 3 )- 
2 *6H 2 0) were dissolved, and the mixture was dried in the air at 110'C for 10 hours. Thereafter the mixture 

45 was fired in the air at 800' C for 3 hours to thermally decompose the nitrate components, thereby obtaining 
powder carrying a perovskite compound oxide (Lao.8Ce 0 .2)CoO 3 3 containing Co on (Ce 0 .65Zr0.30Y 0 . 0 5)0 2 

Thereafter this powder was impregnated with an aqueous solution of palladium nitrate, dried in the air at 
110 W C for 10 hours, and further fired in the air at 600 'C for 3 hours, to prepare a catalyst (sample No. 1) 
carrying 0.5 g of Pd. This catalyst was composed of (Lao. 8 Ceo. 2 )Co0 3 : (Ceo. 6 5Zro.3oY 0 .o5)0 2 :Pd = 50:50:0.5 in 

so weight ratios. 

Example 2 

A catalyst (sample No. 2) according to Example 2 was prepared in a simplar manner to Example 1 by 
55 employing 50 g of the aforementioned (Ce 0 .65Zro. 3 oY 0 .o5)0 2 powder, except for that 70.4 g of lanthanum 
nitrate, 17.7 g of cerium nitrate, 23.7 g of cobalt nitrate and 49.6 g of iron nitrate (Fe(N0 3 ) 3 *9H 2 0) were 
added thereto. This catalyst was composed of 

(Lao.8Ce 0 . 2 )(Coo.4Feo.6)0 3 : (Ce 0 .65Zro. 3 oYo.os)02:Pd = 50:50:0.5 in weight ratios. 
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Example 3 

98.6 g of an aqueous solution of oxy zirconium nitrate and 15.7 g of an aqueous solution of yttrium 
nitrate were added to 132.6 g of the cerium oxide powder employed in Example 1, to obtain a heat resistant 
5 compound oxide of (Ce 0 .77Zr 0 .2oYo.o3)02 in a similar manner to Example 1. 

Then, 50 g of this powder was employed to prepare a catalyst (sample No. 3) according to Example 3, 
with blending ratios similar to those of Example 2 in a similar manner thereto. This catalyst was composed 
of 

(Lao.sCeo.2) (Co 0 .4Fe 0 .e)O3: (Ce 0 .77Zr 0 .2oYo.o3)02:Pd = 50:50:0.5 in weight ratios. 

70 

Example 4 

An aqueous solution, in which 79.2 g of lanthanum nitrate, 8.9 g of cerium nitrate, 23.7 g of cobalt 
nitrate and 49.6 g of iron nitrate were dissolved, was added to 50 g of the heat resistant compound oxide 
75 powder of (Ce 0 .77Zr 0 .2o Y o.o3)02 prepared in Example 3, and the mixture was dried and fired in a similar 
mannner to Example 1 , to obtain powder carrying 
(Lao. 9 Ce 0 .i) (Co 0 .4Fe 0 . 6 )O3 on (CeZrY) Q 2 . 

Thereafter this powder was impregated with a nitrate solution of dinitrodiamine platinum ((NH3>2(N02)- 
2Pt), to prepare a catalyst (sample No. 4) according to Example 4 in a similar manner to Example 1. This 
20 catalyst was composed of 

(Lao. 9 Ceo.i) (Co 0 .4Fe 0 .6)O3: (Ce 0 .77Zr 0 . 2 oYo .03)02 :Pt = 50:50:0.5 in weight ratios. 

Example 5 

25 50 ml of an aqueous solution, in which 147.9 g of an aqueous solution of oxy zirconium nitrate and 22.1 

g of lanthanum nitrate (La(N03>3 *6H20) were dissolved, was added to 111.9 g of the cerium nitrate powder 
employed in Example 1, to obtain a heat resistant compound oxide of (Ce 0 .65Zr 0 .3oLao.o5)02 in a similar 
manner to Example 1 . 

Then, 50 g of this powder was employed to prepare a catalyst (sample No. 5) according to Example 5 
30 in a similar manner to Example 1, except for that 74.1 g of lanthanum nitrate, 9.1 g of strontium nitrate (Sr 
N03>2),31.1 g of cobalt nitrate and 43.2 g of iron nitrate were added. This catalyst was composed of 
(Lao.8Sr 0 . 2 ) (Co 0 . 5 Fe 0 .5)O3 (Ce 0 .65Zr 0 .3oLao.o5)02:Pd = 50:50:0.5 in weight ratios. 

Example 6 

35 

Powder of a perovskite compound oxide 
(Lao.8Ce 0 .2) (Co 0 .4Fe 0 .6)09 was prepared. 103.9 g of lanthanum nitrate, 26.1 g of cerium nitrate, 34.9 g of 
cobalt nitrate and 72.7 g of iron nitrate were dissolved in pure water, to prepare 0.3 1 of an aqueous 
solution. Then, o. 5 1 of an aqueous solution, in which 50 g of sodium carbonate was dissolved, was 
40 prepared as a neutralizer/coprecipitator. The neutralizer/coprecipitator was dripped on the aforementioned 
aqueous solution, to obtain a coprecipitant. This coprecipitant was sufficiently washed, filtered and then 
vacuum-dried. This substance was fired in the air at 600 *C for 3 hours, then pulverized, thereafter fired in 
the air at 800 * C for 3 hours, and further pulverized to prepare powder of 
(Lao.sCeo.2) (Co 0 .4Fe 0 . 6 )O3. 

45 20 g of the as-obtained powder of (Lao. 8 Ce 0 .2) (Co 0 . 4 Fe 0 .6)O3 was sufficiently mixed with 80 g of the 
(Ce 0 .65Zr 0 .3oYo.o5)02 prepared in Example 1 . This mixed powder was impregnated with palladium through an 
aqueous solution of palladium nitrate, dried at 110 'C for 10 hours, and fired in the air at 600 °C for 3 
hours, to prepare a catalyst (sample No. 6) carrying 0.5 g of Pd. 

50 Example 7 

In place of the method of preparing the perovskite compound oxide according to Example 6, 76.7 g of 
lanthanum nitrate, 38.2 g of neodium nitrate (Nd(N03>3 *6H 2 0), 43.7 g of cobalt nitrate and 60.6 g of iron 
nitrate were employed to prepare powder of 
55 (Lao.59Ndo.29Ceo.12) (Coo.sFeo. 5 )03. 

80 g of this powder was sufficiently mixed with 20 g of the (Ce 0 .65Zr 0 .3oYo.o5)02 powder prepared in 
Example 1, to prepare a catalyst (sample No. 7) carrying 0.5 g of Pd in a similar manner to Example 6. 
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Example 8 

98.6 g of oxy zirconium nitrate was added to 137.70 g of the cerium oxide powder employed in 
Example 1 , to obtain heat resistant compound oxide powder of 
5 (Ce 0 .8Zr 0 .7)O2 in a similar manner to Example 1 . 

50 g of this heat resistant compound oxide powder was sufficiently mixed with 50 g of the perovskite 
powder of (Lao.8Ce 0 . 2 ) (Coo. 4 Fe a 6)03 according to Example 6, to prepare a catalyst (sample No. 8) carrying 
0.5 g of Pd. 

w Example 9 

80 g of the (Lao. 8 Ce 0 .2) (Co 0 .4Fe 0 .6)O3 powder according to Example 6 was sufficiently mixed with 20 g 
of heat resistant compound oxide powder of (Ce 0 .8Zr 0 .2)02 according to Example 8, to prepare a catalyst 
(sample No. 9) carrying 0.5 g of Pd. 

75 

Example 10 

In place of the cerium nitrate employed in Example 6, 12.7 g of strontium nitrate was employed to 
prepare perovskite powder of (Lao. 8 Sr 0 . 2 ) (Co 0 .4Fe 0 .6)O3 in a similar manner thereto. 80 g of this powder was 
20 sufficiently mixed with 20 g of the heat resistant compound oxide powder of (Ce 0 .8Zr a2 )02 according to 
Example 8, to prepare a catalyst (sample No. 10) carrying 0.5 g of Pd. 

Comparative Example 1 

25 100 g of the perovskite compound oxide powder of (Lao. 8 Ceo. 2 ) (Co 0 .9Fe 0 . 6 )O3 according to Example 6 

was employed with an aqueous solution of palladium nitrate, to prepare a catalyst (sample No. C1) carrying 
0.5 g of Pd according to comparative example 1 in a similar manner to Example 1. 

Comparative Example 2 

30 

In place of the heat resistant compound oxide prepred in Example 1, 50 g of commercially available 
cerium oxide powder having a high specific surface area was employed to carrry (Lao.sCeo^CoCb on Ce0 2 
in a similar manner to Example 1, as well as to carry 0.5 g of Pd, thereby preparing a catalyst (sample No. 
C2) according to comparative example 2. This catalyst was composed of (Lao. 8 Ce 0 .2) Co03:Ce0 2 :Pd = 
35 50:50:0.5 in weight ratios. 

Comparative Example 3 

(Ce 0 .65Zr 0 .3o Y o.o5)02 of Example 1 was replaced by commercially available 7-AI 2 03 having a specific 
40 surface area of 110m 2 /g, to prepare a catalyst (sample No. C3) according to comparative example 3 in a 
similar manner to the above. 

Comparative Example 4 

45 50 g of the perovskite compound oxide powder of (Lao. 8 Ce 0 . 2 ) (Co 0 .4Fe 0 . 6 )O3 prepared in Example 6 was 
sufficiently mixed with 50 g of commercially available SrZr0 2 powder, to prepare a catalyst (sample No. 
C4) carrying 0.5 g of Pd according to comparative example 4. 

Test 

50 

Endurance tests were made on the catalysts prepared in Examples and comparative examples, in 
exhaust gas of an inlet gas temperature of 930 * C for 5 hours, in relation to purification activity. The gas 
was composed of 1.0 % of carbon monoxide (CO), 0.1 % of propylene (C 3 H 6 ), 10 % of carbon dioxide 
(C0 2 ) and 4 % of water (H 2 0) under a fluctuating condition of oxygen (0 2 ) with a residual part of nitrogen 
55 (N 2 ). 

Evaluation 
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As to the catalysts which were subjected to the aforementioned endurance tests, purification factors for 
carbon monoxide, propylene and nitrogen oxide at 450 °C were measured. As to such measurement, the 
pulverulent catalysts were pressure-formed into pellets of about 2 mm in diameter, and charged into 
reaction tubes. The measurement was carried out at a space velocity of 30000/h., with a gas composition of 
5 0.7 % of CO, 0.15 % of C 3 H 6l 10 % of CO2, 10 % of H 2 0, 0.23 % of H 2 and 0.15 % of NO, under a 
fluctuating condition of O2 with a residual part of N 2 . 

Table 1 shows the results and the catalytic components. It is understood from Table 1 that the catalysts 
according to Examples are superior in endurance to those of comparative examples. 

70 Examples of Second Invention 

Basic Operation A: Method of Preparing Perovskite Composite Oxide Crystal Powder 

Powder of a perovskite compound oxide (Lao.sCeo^) (Coo^Feo.sJCb was prepared. 103.9 g of lanthanum 
75 nitrate, 26.1 g of cerium nitrate, 34.9 g of cobalt nitrate and 72.7 g of iron nitrate were dissolved in pure 
water, to prepare 0.3 1 of an aqueous solution. Then, a neutralizer/coprecipitator was prepared from 0.5 1 of 
an aqueous solution in which 50 g of sodium carbonate was dissolved. The neutralizer/coprecipitator was 
dripped on the above aqueous solution, to obtain a coprecipitant. This coprecipitant was sufficiently washed, 
filtered and thereafter vacuum-dried. This substance was fired in the air at 600 0 C for 3 hours, pulverized, 
20 thereafter fired in the air at 800 °C for 3 hours, and further pulverized, to prepare powder of (Lao.sCeo.2) 
(Co 0 .4Fe 0 . 6 )O3. 

Basic Operation B: Preparation of Heat Resistant Oxide 

25 111.9 g of commercially available cerium oxide powder, having a high specific surface area with a 

specific surface area of 1 70 m 2 /g and purity of 99.9 % /TREO, was prepared as a heat resistant oxide for 
serving as a co-catalyst, and 147.9 g of an aqueous solution of oxy zirconium nitrate (ZrO(N03>2), having 
liquid specific gravity of 1.51 and containing 25.0 percent by weight of ZrO(N03> 2 in Zr02 conversion, and 
26.0 g of an aqueous solution of yttrium nitrate (Y(N03)2), having liquid specific gravity of 1.62 and 

30 containing 21.7 percent by weight of Y(N03>2 in Y2O3 conversion, were added to the heat resistant oxide, 
stirred and mixed with each other, and the as-formed mixture was dried in the air at 110 *C for 10 hours. 
Thereafter the mixture was fired in the air at 600° C for 3 hours, to obtain about 150 g of a compound oxide 
of (Ceo.65Zr 0 .3oYo.o5)02- 

35 Basic Operation C: Slurry Coating (Carrying) 

Slurry was obtained by adding 10 to 100 parts by weight, e.g., 50 parts by weight, of perovskite 
compound oxide crystal powder and 0 to 90 parts by weight, e.g., 50 parts by weight, of heat resistant 
oxide powder to 100 parts by weight of pure water and pulverizing and mixing the elements in a ball mill for 
40 12 hours, and introduced into a cordierite ceramic monolithic substrate while an excessive part of the slurry 
was blown out by an air jet, dried at 130 0 C for 4 hours, for example, and thereafter fired in the air at 600 
0 C for 3 hours, to obtain a support which was uniformly coated with the perovskite compound oxide and the 
heat resistant oxide. 

45 Basic Operation D: Method of Carrying Pd and Solid Dissolution in Perovskite Composite Oxide Crystal 

As to the coated support obtained in the basic operation C, prepared was a palladium salt solution 
which was weighed to be 0.2 to 5.0 parts by weight in Pd metal conversion with respect to 100 parts by 
weight of the perovskite compound oxide powder and the heat resistant oxide powder. The coated support 
50 was dipped in this aqueous solution or a diluted solution thereof to impregnate the total amount of Pd into 
the perovskite compound oxide powder and the heat resistant oxide powder. At this time, the solution was 
adjusted to be not more than pH 4. 

Example 1 1 

55 

100 parts by weight of (Lao. 8 Ce 0 .2) (Coo.4Fe 0 .6)0 3 obtained by the basic operation A was uniformly 
coated on the inner surface of a monolithic support. 56.8 parts by weight of a palladium nitrate solution, a 
product by Tanaka Kikinzoku Kogyo Kabushiki Kaisha containing 4.4 percent by weight of Pd metal, which 
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was weighed to contain 2.5 parts by weight of palladium nitrate in Pd conversion on the basis of the basic 
operation D, was dissolved in 100 parts by weight of dilute nitric acid. The pH of this solution was 0.2. The 
total amount of this solution was impregnated into the aforementioned coated monolithic support, which in 
turn was dried at 130 • C for 24 hours, and fired in the air at 600 • C for 3 hours. 

5 

Example 12 

50 parts by weight of (Lao. 8 Ce a2 ) (Coo.4Fe 0 .6)03 obtained by the basic operation A and 50 parts by 
weight of (Ceo.6s2r 0 .3oY 0 .o5) O^btained by the basic operation B were uniformly coated onto the inner surface 

io of a monolithic support on the basis of the basic oparation C. On the other hand, 25 parts by weight of a 
palladium nitrate solution, a product by Takana Kikinzoku Kogyo Kabusiki Kaisha containing 4.4 percent by 
weight of Pd metal, which was weighted to contain 1.1 parts by weight of palladium nitrate in Pd conversion 
on the basis of the basic operation D, was dissolved in 100 parts by weight of dilute nitric acid. The pH of 
this solution was 0.2. The total amount of this solution was impregnated into the aforementioned coated 

is monolithic support, which in turn was dried at 130° C for 24 hours, and fired in the air at 600° C for 3 hours. 

Example 13 

A sample was prepared by the basic operations A, B, C and D similarly to Example 12; while a coated 
20 monolithic support which was impregnated with a palladium salt solution and dried was thereafter fired in 
the air at 250 • C for 3 hours. 

Example 14 

25 The basic operations A, B and C were carried out similarly to Example 12, while 25 parts by weight of a 
palladium nitrate solution containing 4.4 percent by weight of Pd was diluted with 1700 parts by weight of 
pure water in the basic operation D. The pH of this solution was 1.7. A beaker containing this solution was 
kept at a temperature of 40° C in a water bath, so that a coated monolithic support formed by the basic 
operation C was s uck in this palladium salt solution and held for 2 hours, to adsorb palladium. Thereafter 

30 the support was dried at 130 ° C for 24 hours, and thereafter fired in the air at 600 * C for 3 hours. 

Example 15 

A sample was prepared in a similar manner to Example 14, except for that aqueous ammonia was 
35 added to a palladium nitrate solution to adjust the pH to 3.0. 

Example 16 

A sample was prepared in a similar manner to Example 14, except for that aqueous ammonia was 
40 added to a palladium nitrate solution to adjust the pH to 4.0. 

Example 17 

50 ml of an aqueous solution, in which 22.1 g of lanthanum nitrate (La(N03>3 *6H 2 0) was dissolved, was 
45 employed in place of 26.0 g of the yttrium nitrate solution in the basic operation B, to obtain a heat resistant 
compound oxide of (Ce 0 .65Zr 0 .3oLao.o5)02. 

A sample was prepared in a similar manner to Example 12, except for that 20 parts by weight of 
perovskite compound oxide powder of (Lao.8gCe 0 .2) (Co 0 .4Fe 0 .6)O 3 and 80 parts by weight of the aforemen- 
tioned heat resistant oxide (Ce 0 .65Z'o.3oLao.o5)02 were employed and 0.44 parts by weight of a palladium 
so nitrate solution was employed with respect to 100 parts by weight of the oxide in Pd conversion. 

Example 18 

87.3 g of cobalt nitrate was employed in place of 34.9 g in the basic operation A with no employment of 
55 iron nitrate, to prepare perovskite compound oxide powder of (Lao.8Ce 0 .2)Co0 3 . 

In the basic operation B, 137.7 g of cerium nitrate powder and 98.6 g of an oxy zirconium nitrate 
solution were employed in place of 111.9 g and 147.9 g respectively with no employment of a yttrium 
nitrate solution, to prepare (Ce 0 .8Zr 0 .2)02 powder. 
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In the basic operation C, 80 parts by weight of a pervoskite compound oxide and 20 parts by weight of 
a heat resistant oxide were employed, to prepare a coated support. 

In the basic operation D, 80 parts by weight of a palladium nitrate solution containing 4.4 percent by 
weight of Pd was diluted with 1700 parts by weight of pure water, to contain 3.52 parts by weight of 
5 palladium nitrate in Pd conversion. The pH of this solution was 1.1. Thereafter a sample was prepared in a 
similar manner to Example 13. 

Example 19 

io 20 parts by weight of the perovskite compound oxide (Lao. 8 Ce 0 .2)Co03 employed in Example 18 was 
employed with 80 parts by weight of commercially available CeC>2 in place of the heat resistant oxide. In the 
basic operation D, 40 parts by weight of a palladium nitrate solution containing 4.4 percent by weight of Pd 
was diluted with 1700 parts by weight of pure water to contain 1.76 parts by weight of palladium nitrate in 
Pd conversion. The pH of this solution was 1.4. Thereafter a sample was prepared in a similar manner to 

75 Example 17. 

Example 20 

An aqueous solution, in which 79.2 parts by weight of lanthanum nitrate, 8.9 parts by weight of cerium 
20 nitrate, 23.7 parts by weight of cobalt nitrate and 49.6 parts by weight of iron nitrate were dissolved, was 
added to 50 parts by weight of a (Ce 0 .65Zr 0 .3oYo.o5)03 heat resistant compound oxide powder obtained by 
the basic operation B, and the mixture was dried in the air at 110°C for 10 hours. Thereafter the mixture 
was fired in the air at 800 °C for 3 hours to thermally decompose the nitrate components, thereby obtaining 
powder in which a perovskite compound oxide (Lao.gCeo.i) (Co 0 .4Feo.6)03 was carried on (CeZrY)02- This 
25 powder was composed of (Lao.gCeo.iHCoo^Feo.eK^: (Ce 0 .65Zr 0 .3o Y o.o5)03 of 50:50 in a weight ratio. 

100 parts by weight of this mixed powder was employed in the basic operation C, to prepare a coated 
support. 

In the basic operation D, 7.66 parts by weight of a nitrate solution of dinitrodiamine platinum ((NH 3 >2- 
(N02>2Pt), a product of Tanaka Kikinzoku Kogyo Kabushiki Kaisha containing 4.57 percent by weight of Pt, 

30 and 25.4 parts by weight of an aqueous solution of ruthenium nitrate (RufNCbh), a product of Tanaka 
Kikinzoku Kogyo Kabushiki Kaisha containing 3.93 percent by weight of Ru, to contain 0.35 parts by weight 
of dinitrodiamine platinum in Pt conversion and 1.0 part by weight of ruthenium nitrate in Ru conversion 
respectively, and this mixture was diluted with 100 parts by weight of pure water. The pH of this solution 
was 0.5. The total amount of this solution was impregnated into the aforementioned coated monolithic 

35 support, which in turn was dried at 130 ° C for 24 hours, and fired in the air at 600* C for 3 hours. 

Comparative Example a 

A sample was prepared similarly to Example 14, except for that aqueous ammonia was added to a 
40 palladium nitrate solution to adjust the pH to 6.9. 

Comparative Example b 

A sample was prepared similarly to Example 14, except for that aqueous ammonia was added to a 
45 palladium nitrate solution to adjust the pH to 8.5. 

Comparative Example c 

A sample was prepared similarly to Example 14, except for that aqueous ammonia was added to a 
so palladium nitrate solution to adjust the pH to 9.7. 

Comparative Example d 

12.8 g of strontium nitrate was employed in the basic operation A in place of 26.1 g of cerium nitrate, to 
55 obtain powder of a perovskite compound oxide (Lao.sSro.2) (Co 0 .4Fe 0 .6)O3. In the basic operation B, 50 parts 
by weight of the perovskite compound oxide (Lao.8Sr 02 ) (Co 0 .4peo.6)03 was employed, with 50 parts by 
weight of commercially available SrZr03 in place of the heat resistant oxide. Thereafter a sample was 
prepared in a similar manner to Example 13. 
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Comparative Example e 

An automotive catalyst of Pt-RIV-y-AbCb wasemployed. The content of Pt-Rh was 0.43 parts by weight. 

5 Comparative Example f 

An automotive catalyst of PCI/7-AI2O3 was employed. The content of Pd was 1.33 parts by weight. 
Table 2 shows the results. 

10 Measurement of Catalytic Activity 

Activity levels of the respective samples supported by cordierite monolithic substrates, having cell 
numbers of 400/inch 2 , of 30 mm in diameter and 50 mm in length with model gases shown in Table 3. Gas 
temperatures are shown by inlet gas temperatures, which were raised up from the room temperature, the 
75 temperature that concentrations of NO, CO and HC( C3HU + C3H8 ) are reduced to 50 % of initial 
concentrations respectively is defined as a 50 % purification temperature. 

Rich gases and lean gases were switched every second. The gas jets were passed through the 
catalysts at a space velocity (SV) of 30,000/h. 

20 Table 3 





Rich Gas 


Lean Gas 


CO 


2.6 % 


0.7 % 


HC 


0.19% 


0.19% 


H 2 


0.87% 


0.23% 


CO 


8 % 


8% 


NO 


0.17% 


0.17% 


o 2 


0.65% 


1.8 % 


H 2 0 


10 % 


10 % 


N 2 


Residual Part 


Residual Part 


(The concentration of HC is shown in Ci conversion) 



35 

Endurance Test 

The aforementioned rich and lean gases were switched every 5 seconds to repeat cycles of 30 minutes 
at 900 'C and 30 minutes at 750 'C 15 times respectively, thereby making endurance tests. After the 
40 endurance tests, catalytic activity levels were measured in the aforementioned method. 

Table 4 shows the results of measurement of catalytic activity levels before and after the endurance 
tests. As to Example 12 and comparative example e, Fig. 1 shows the results of three way purification 
activity levels at respective temperatures. 

As clearly understood from Table 4, Examples of the present invention exhibited low 50 % purification 
45 temperatures, while comparative examples exhibited high values. It. is conceivable that recrystallization of 
the perovskite compound oxide incorporating metallic salts eluded on the surface of the perovskite 
compound oxide serving as a core and impregnated and/or adsorbed Pd salts was insufficient due to the 
low firing temperature in Example 12, while this sample was exposed to a high temperature during the 
endurance test, to form a perovskite compound oxide crystal in which Pd was solidly dissolved, thereby 
so forming a double structure similarly to other Examples. 

Through the aforementioned observation, it is conceivable that the inventive catalysts were in double 
structures formed by cores of oxides containing no precious metals and outer layers of perovskite 
compound oxides in which precious metals were solidly dissolved. 

Figs. 2 to 4 are photographs of Example 14 observed with a scanning electron microscope (SEM). The 
55 magnifications are successively increased along Figs. 2 to 4. According to these photographs, it is observed 
that fine particles of a perovskite compound oxide, which may have been eludedand recrystallized, enclose 
particles of a perovskite compound oxide (LaCe) (FeCo)0 3 of 25 to 30 urn. The fine particles also partially 
enclose particles of a heat resistant oxide (CeZrY)0 2 of 3 to 5 um. 



11 



EP 0 525 677 A1 



X-Ray Diffraction Analysis 

Only the catalytic layer was scraped off from the sample of Example 12 before the endurance test to 
collect powder, which in turn was subjected to material identification through X-ray diffraction. From its peak 
5 profile, it was observed that LaFeO perovskite phases (JCPDS card 37-1493) and CeO phases (JCPDS card 
34-0394) were dominant with a slight amount of Pd phases (JCPDS card 5-0681). No other phases were 
observed, and it was confirmed that the composition eluded in carrying of Pd again formed perovskite 
phases by firing. 

Although the present invention has been described and illustrated in detail, it is clearly understood that 
70 the same is by way of illustration and example only and is not to be taken by way of limitation, the spirit 
and scope of the present invention being limited only by the terms of the appended claims. 

The features disclosed in the foregoing description, in the claims and/or in the accompanying drawings 
may, both, separately and in any combination thereof, be material for realising the invention in diverse 
forms thereof. 

T5 

Table 1 



No. 


Composition of Catalyst (Weight ratio) 


Purification Factor 


Perovskite Compound Oxide 


Heat Resistant Oxide 


Precious Metal 


CO 


C3 Hg 


NO 


1 


[50]Lao.8Ce 0 . 2 Co03 


[50](CeZrY)O 2 


[O.SJPd 


85 


83 


85 


2 


[5OlLao.sCeo.2Coo.4Feo.6O3 


[50](CeZrY)O 2 


[0.5]Pd 


93 


86 


92 


3 


[50jLa0.8Ce0.2Co0.4Fe0.6O3 


[50](CeZrY)O 2 


[O.SJPd 


91 


85 


86 


4 


[SOJLao.gCeo.i Coo.4Feo.6O3 


[50](CeZrY)O 2 


[0.5JR 


89 


81 


80 


5 


[5OlLao.sSro.2Coo.5Feo.5O3 


[50](CeZrLa)O 2 


[0.5JPd 


93 


85 


87 


6 


[2OJLao.8Ceo.2Coo.4Feo.6O3 


[80](CeZrY)O 2 


[0.5]Pd 


86 


84 


84 


7 


[8OJLao.59Ndo.29Ceo.12Coo.5Feo.5O3 


[20](CeZrY)O 2 


[0.5]Pd 


87 


84 


85 


8 


[5OJLao.8Ceo.2Coo.4Feo.6O3 


[50](CeZr)O 2 


[0.5]Pd 


85 


82 


83 


9 


[80)Lao.8Ce 0 .2Co 0 .4Feo.603 


[20](CeZr)O 2 


[O.SJPd 


88 


80 


87 


10 


[8OJLao.sSro.2Coo.4Feo.6O3 


[20](CeZr)O 2 


[0.5JPd 


86 


80 


85 


C1 


[1 OOJLao.sCeo.2Coo.4Feo.6O3 




[O.SJPd 


82 


70 


68 


C2 


[50]Lao. 8 Ceo. 2 Co03 


[50JCeO 2 


[O.SJPd 


73 


68 


61 


C3 


[50JLao. 8 Ce 0 .2Co03 


[50]-y-AI 2 O 3 


[O.SJPd 


61 


57 


55 


C4 


[50JLao.8Ceo. 2 Co 0 .4Feo.6 


[50]SrZrO 3 


[O.SJPd 


85 


80 


80 
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Table 2 



No 


Starting System [Weight ratio] 


Soln. pH 


Firing 


Perovskite Compound Oxide 


Heat Resistant Oxidp 


r i cuiuuo ivioicu 


11 


ri OOKLan ftCen ?XCon *Fen fi)03 






0.2 


600 °C 


12 


f501{Lan pCeo o)(COf\ *Fen rKDs 


rSOlf Cen ccZrn oYn nc\Oo 
JV^^O-bD*- 1 0.3 •0-05/ v - / 2 


f1 1lPr* 


0.2 


600 'C 


13 


[50](Lao. 8 Ceo.2)(Coo.4Feo.6)03 


[50](Ce 0 .65Zro.3Yo.o 5 )02 


[1.1 ]Pd 


0.2 


250° C 


14 


[50](Lao. 8 Ceo.2)(Coo.4Feo.6)03 


[50](Ce a 6sZr 0 . 3 Yo.o5)0 2 


[1.1 ]Pd 


1.7 


600 "C 


15 


[50](Lao.8Ceo.2)(Coo.4Fe 0 .6)03 


[50](Ceo.65Zr 0 . 3 Yo.o5)02 


[1.1 ]Pd 


3.0 


600 °C 


16 


[50](Lao.8Ceo.2)(Coo.4Feo.6)0 3 


[50](Ceo.65Zro. 3 Yo.o 5 )02 


[1.1 ]Pd 


4.0 


600 4 C 


17 


[20](Lao. 8 Ceo.2)(Coo.4Feo.6)03 


[80](Ce 0 .65Zro. 3 Lao.o5)02 


[0.44] Pd 


0.2 


600 °C 


18 


t80](Lao. 8 Ce 0 .2)Co03 


[20](Ce 0 . 8 Zr 0 .2)O2 


[3.52] Pd 


1.1 


600 *C 


19 


[20](Lao.8Ceo.2)Co0 3 


[80]CeO 2 


[1.76] Pd 


1.4 


600 e C 


20 


[50](Lao. 9 Ce 0 .i )(Co 0 .4Fe 0 .6)O3 


[50](Ce 0 .65Zro. 3 Yo.o5)0 2 


[0.3]Pt 
[1.0]Ru 


0.5 


600 *C 


a 


[50](Lao. 8 Ce 0 .2)(Coo.4Fe 0 . 6 )03 


[50](Ce 0 .65Zr 0 . 3 Yo.o5)02 


[1.1 ]Pd 


6.9 


600 *C 


b 


[50](Lao. 8 Ceo.2)(Coo.4Feo.6)03 


t50](Ce 0 .65Zro. 3 Yo.o 5 )02 


[1.1 ]Pd 


8.5 


600 «C 


c 


t50](Lao. 8 Ceo.2)(Coo.4Feo.6)03 


[50](Ce 0 .65Zro. 3 Yo.o 5 )02 


[1.1 ]Pd 


9.7 


600 "C 


d 


[50](Lao. 8 Sro.2)(Coo.4Feo.6)0 3 


[50]SrZrO 3 


[1.1 ]Pd 


1.7 


600 °C 


e 




[100h-AI 2 O 3 


[0.43] Pt-Rh 


1.8 


250 -C 


f 




[100h-AI 2 O 3 


[1.13] Pd 


1.4 


250 'C 
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Table 4. 



50 % Purificatiioo Temperature ( t ) 



s 




Initial Temperature 


After 


Endurance Test 




No. 


NO 


CO 


HC 


NO 


CO 


HC 


10 


Example 
















1 1 


119 


117 


12 2 


2 12 


2 4 1 


2 3 9 


15 


1 2 


1 2 1 


1 1 3 


12 3 


1 9 8 


19 2 


2 0 7 


1 3 


14 1 


14 0 


1 5 5 


2 0 5 


2 2 2 


2 2 5 




1 4 


12 5 


1 1 9 


13 7 


2 0 5 


2 1 5 


2 2 9 


20 


1 5 


16 8 


1 6 8 


17 2 


2 4 8 


2 6 4 


2 6 4 




1 6 


2 0 0 


1 9 9 


2 0 6 


2 7 1 


2 7 6 


2 7 6 


25 


1 7 


18 7 


17 6 


17 8 


2 6 1 


2 5 7 


2 6 5 


1 8 


12 1 


111 


13 2 


2 12 


19 5 


2 2 5 




1 9 


14 5 


13 5 


14 8 


2 3 7 


2 14 


2 3 7 


30 


2 0 


15 7 


15 5 


15 7 


2 0 8 


2 4 3 


2 4 2 




Comparat ive 
















Ex amp 1 e 














35 


a 


2 3 6 


2 2 7 


2 4 2 


3 7 0 


3 3 2 


3 4 9 




b 


2 5 3 


2 4 5 


2 5 6 


3 7 4 


2 8 8 


3 3 2 


40 


c 


2 3 3 


2 2 5 


2 3 6 


4 3 2 


3 6 5 


3 8 2 




d 


3 17 


3 0 6 


3 4 1 


> 5 0 0 


3 9 4 


3 9 3 




e 


19 8 


1 9 3 


2 0 8 


2 5 9 


2 6 3 


2 7 6 


45 


f 


17 5 


18 5 


1 8 6 


3 0 1 


3 18 


3 13 



so Claims 

1. An exhaust gas purifying catalyst comprising: 

a perovskite compound oxide being expressed by a general formula Lni-xAxMCh, where Ln 
represents at least one rare earth metal excluding Ce, A represents Ce or at least one alkaline earth 
55 metal, M represents at least one transition metal and 0<x<1; 

a heat resistant oxide containing Ce and Zr, with or without at least one rare earth metal excluding 
Ce, said heat resistant oxide being at least partially in the form of a compound oxide or a solid solution; 
and 



14 



EP 0 525 677 A1 



at least one precious metal. 

2. An exhaust gas purifying catalyst in accordance with claim 1, wherein said heat resistant oxide includes 
5 to 100 atoms of said Zr and 0 to 100 atoms of said rare earth metal excluding Ce per 100 atoms of 
said Ce. 

3. An exhaust gas purifying catalyst in accordance with claim 1 , wherein said precious metal is selected 
from the platinum group. 

4. An exhaust gas purifying catalyst at least having an oxide comprising: 

a core of a perovskite compound oxide being expressed by a general formula Lni -xBxMCb, where 
Ln represents at least one rare earth metal excluding Ce, B represents Ce or at least one alkaline earth 
metal excluding Sr, M represents at least two transition metal and 0<x<1; and " 

an outer perovskite compound oxide being formed around said core and having a precious metal 
solidly dissolved therein. 

5. An exhaust gas purifying catalyst in accordance with claim 4, further comprising a heat resistant oxide 
of Ce, or a heat resistant oxide containing Ce and Zr, or further containing at least one rare earth metal 
excluding Ce, said heat resistant oxide being at least partially in the form of a compound oxide and/or a 
solid solution. 

6. An exhaust gas purifying catalyst in accordance with claim 5, wherein said heat resistant oxide 
containing Ce and Zr includes 5 to 100 atoms of said Zr and 0 to 100 atoms of said rare earth metal 
excluding Ce per 100 atoms of Ce. 

7. An exhaust gas purifying catalyst in accordance with any of claims 4, 5 and 6, wherein said precious 
metal or an oxide of said precious metal is dispersed in a fine particle state. 

8. An exhaust gas purifying catalyst in accordance with any of claims 4, 5, 6 and 7, wherein said precious 
metal is selected from the platinum group. 

9. An exhaust gas purifying catalyst in accordance with claim 8, wherein said precious metal is Pd. 

10. A method of preparing an exhaust gas purifying catalyst, comprising the steps of: 

preparing a substance consisting of a perovskite compound oxide, being expressed by a general 
formula Lni-xBxM03, where Ln represents at least one rare earth metal excluding Ce, B represents Ce 
or at least one alkaline earth metal excluding Sr, M represents at least one transition metal and 0<x<1, 
or a mixture of said perovskite compound oxide and a heat resistant oxide; 

impregnating and/or adsorbing a precious metal into said substance through a precious metal salt 
solution containing 0. 2 to 5. 0 parts by weight of a precious metal in precious metal conversion based 
on 100 parts by weight of said substance and being adjusted to be not more than pH 4; 

drying said treated substance; and 

firing said treated substance at a temperature of 250 to 800 * C. 
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